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OBJECTIVE OF STUDY _

= To assimilate non-reactive tracer data into site characterization

Permeability
Field

El d= 8000 (mi
P ) log10 Permeability [nA2]: -13-12-11-10 -9 -8 -7 -6 -5
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Method of Anchored Distributions (MAD) [Rubin et al., WRR,2010]

Multi-Scale Multi-Type
Data

Type A:
local, direct/regression
e.g., K, grain size, ...

Type B:

Nonlocal, indirect

e.g., pumping test,
tracer test, ...
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MAD Framework: Bayesian

User-defined models
Type A Data Model
Prior Distribution M°d"l Type B Da_ta_ .
BlockH L1kehhoo Forward simulators Forward Similation

{=Produces posterior distribution for the parameters

*Enables sequential data assimilation

*Enables direct uncertainty gquantification

+ Auxiliary Block A - Anchor placement -
\  for Type-B data
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Anchor Placement Prediction




Prior Distribution

2-D Transmissivity Inverted 840,000 Realizations for inversion
from Constant Injection Tests
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Forward Simulation _

Elevatic Domain:
100  120mx120mx10m
505 Grid size:
2mx2mx=0.5m

116150

* Max Time Step:
116100+ =985 10 hour
3 -8 Simulation Time:
£ L lzs 250 hours
+ L
g -7 Fluctuating head
boundary
conditions

116000

~40 min per field
955 using PFLOTRAN
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Likelihood Calculation _
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InK Field

RESULTS
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RESULTS

Tracer Breakthrough Curves
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RESULTS
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A Realization
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RESULTS
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RESULTS

Oct2009 Test
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Summary and Future Work _

» First-time application of MAD in 3-D inversion

» MAD shows good potential in assimilating multi-
scale and multi-type data

» MAD enables sequential data assimilation and
direct uncertainty quantification

» MAD is computationally expensive, but can be
dealt with by high performance computing

» Future work needed to address uncertain flow
boundary condition, vertical wellbore flow, and
heterogeneous porosity field

» Multi-Gaussian assumption may be replaced>="
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